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(c)  Cloud movemnt.-The evidence as to wind niove- 
ment in the up er air is very scanty, but what there is 

lower clouds were consistently from the northeast or east- 
northeast, the higher clouds, said to be cirrus, being from 
the east or south-southeast. “From 2 to 8.30 a constant 
procession of embryo cumulus passed south of Barnet and 
seeiiied to attain development south of that lace.!’ Onlv 
one important cumulus passed north of garnet. This 
agrees with the author’s own recollections of the occur- 
rences seen from New Southgate, a little nearer the storm 
area. At Barnet by 1 p. ni. a large pile of cumulus with 
brilliant protuberances was seen to the south-southeast, 
beginning to “fan” slightly at the top. It may be iioticetl 
that this time agrees with the first fall of hail on the north 
of the storm. 

From Warlingham on the south of the storni magnifi- 
cent thunderheads were seen a t  3 p. m. to the north. This 

ain agrees with the time when hail occurred in the center 2 the storm. Later, a lar e anvil-shaped cloud rose up 
behind the other douds. €&om Purley about 3.30 a lar e 

Assuniing that this was 8 or 9 miles away, the height 
would be about 3 miles. This rose and merged into the 

is interesting. I;. o the north of the storm, at Barnet, the 

cloud pillar \vas observed 1s” east of north and 25” hig !i . 
- 

uppe: cloud. 
Within the storm or on its southern mar in a t  New 

Malden the lower thundercloud moved verv s 7 owlv from 
east-northeast, but the “upper cloud ’’ was“scen t l h i g  n 
lull in the storm to be nioving from the south. 

5. CONCLUSIONS. 

In the concluding section of the pa er the author dis- 
cusses the bearings of the facts eluci a ated on the causes 
of thunderstornis, and also on the causes res onsible for 
starting storms when conditions are favora 1 le, but, he 
points out that the connection between the facts and the 
views which he ado ts is not very clearly made out. He 
agrees wit,h Lieut. 8ouglas that the conditions neccss:iry 
for summer thunderstorms tire produced at  S O M ~  hright 
above the surface,’ say about 3,000 feet, that they may 
be started by conditions below that height, and that 
surface wind phenomena and tem erature phenomena, 

with the beginning of the storm, are the results and not 
causes. I t  would seem probable that a necessary con- 
dition for the occurrence of a thunderstorm is that the 
teniperature should tlecrease at  a rate not less than 
normal, i. e., that the lapse rate should be about 3.5’ F. 
per 1,000 feet for a considerable distance upward, and 
refers to n suggestion by Lieut. Douglas that this should 
occur for a height of 6,000 feet from half a niile above 
the ground. Cirrus, possiblv false cirrus, is usually, if 
not always, present, and when the cumulus reaches a 
height of 3 to 4 miles its to spreads out. * * * 
as the relief of the ground, niay determine the start of a 

such ns the fall of teinpertiture a r most simultnneoiisly 

The author thinks t,hat 1 oca1 surface conditions, suc4i 

I Dou~las C P. M “The lapse-line and its relation to cloud formation,” Edin- 
burgh, J. &ot; Mete;. Soc., l i ,  IOI i ,  pp. 133-117. 
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storm: the high ground of Leitli Hill and Hindhead may 
have given a start to the storm in that district. 

The marked beltin or banding shown on several of the 

possibility of some form of wave action, and the same 
idea is sup orted by the lines of cloud belts during this 
storm, anc P also hg the nitips of rain distril)ut,ion on 
t.liundeiutorm days with w1iic.h rea.clers of British Rainfall 
are familiar, and which frequently show splashes of rain 
distributed .in lines across the country.’ 

j f this is so, an upward moveinent over the area of the 
rain field is postulated, antl this must be initiated by 
descent of cooler riir on the out,side, hut this nornially 
takes p1ac.e above the lowest half mile in the atmosphere. 
Eventually, of course, some surface air does move 
inward, giving rise to the cyclonic circulation noticed 
on the outskirts of the storm, while on the whole calms 
prevail within the storm area. Later this calm is occa- 
sionally broken by violent gusts. 

There 
seems, however, to be a second phase in any thuncler- 
st,orni which remains for an hour or two over the same 
area. On the one hand the rain field seems to break up 
into two parallel belts, and on the other the surface 
wind seems to blow-from the storm. I t  seems to be the 
case also, if we can generalize from two investigations, 
that the more vigorous of the two belts of rain field into 
which the storm breaks is on the side from which the 
wind is naturally coming. On June 14, 1914, the wind 
on that side, the northern, had a.much greater surface 
velocity. This seems to suggest. that, the renson for the 
greater activity has to do with a great,er supply of air 
on that side. As far as any surface observation is con- 
cerned this air seems to disa ) ear. The logical inference 
is that it must be rising. 3 is ossible that the pro- 
jections of the rain field northwar&, e. g., at  about 3.45, 
along neit.her of the dominant. axes ning be clue to the 
rising of this air in patches rather t.hnn along a continuous 
front. 

As t.0 the breaking up of the storm into two 1)elt.s the 
following suggestions hare been mntlo. Whcn rain or 
hail forms, it is said, pressure will first decrcase ininie- 
diately below the point of forma.tion. 
will reach a terminal velocity. The air through wliic ai llP i 
it  passes will be cooled and cont.ract, i. e., hccome heavier, 
antl pressure will increase. At first these winds will tend 
fo flow inward, and later they will tend to flow out. On 
this assumption the violent gusts a t  the surface in the 
center of the storm during the later stages are clue to tlic 
descending air. * * * All this goes to show that the 
rain area WRS a local high pressure area during the later 
stages of the storm. 
In any case the evidence of the surface winds must be 

taken into account. As these seem in the ltiter stages 
to be blowing from the storni it is fair to infor thiit the 
pressure is greater along the micldle line than on t>he 
outskirts. 

charts of different p a enomena on the 14th suggests the 

The first of i‘ cyclonic’’ phase seems fairly clear. 

The r i n  on f a  11‘ 

1 Not neoessarlly from movlng storms.-c. F. B. 

.R A LARGE THUNDERSTORM. 

By LERLIX A. WARREN. 

[niited Weather B m u  Aerological Station, Broken Arrow, Okla., June 25,1919.1 

The accompanying horizontal projection curve of a 
pilot balloon flscension begun shortly after 3 . m. .on 

(fig. -1  ) reveals an unusual and very interesting wind 
contiition. The 1)alloon in attaining an altitude of i,1)00 

meters made three nearly complete reversals in horizontd 
direction, corresponding to two counter-clockwise whirls 

after release was carried upward in a light emterly 
wind until an altitude of 1,500 meters was reached where 

June 20, 1919, at the Broken Arrow Aerologica P Stat,ion which are evident upon the project,ion. The balloon, 
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an abrupt olimige into a north current occurred. Drifting 
in this current for 800 meters ascent a! an estreniely 
low velocity, the balloon was then carried along 111 a 
westerly wind changing to southwest froni an altitude of 
2,3011 nietws. The wind direction for the nest 1,300 
meters nsccii t as incliaatotl hy the hnlloon’s course 
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FIO. l.-Horizontnl projection curvc showing positbn of pilul lmlloon :It cuiisrrwl ivc 
lulnutcs. 

remained fairly steady froni tho southwest, then bac!lied 
to northeast about 400 iiicters higher. The directicm 
continued from .the northe+< t, through nn air ltiyer al)oii t 
1,000 nicters thick and agmn changed through nortliwrst 
and west to southwest nt nil nltitudo of 5,500 nictws. 
and remained fairly steady to the 7,000-metor lrvel 
where the b~~lloon was lost to si@ in a cirrus haze. 

Esc.apt for short periods the wind velocity as coiiiputcd 
was very li ht. A niininiuiii velocity of 0.6 meter pcr 
second ab t, f e 2,000-niet,er level and n mnsiniuni of 4.4 
meters pcr second a t  the liighcst, altitude ntt,tlinetl, wcrc 
found to exist. 

This rare ntniospheric condition is thought to be c1i)scly 
nssocintecl with a thuntlerstoriii wliich.begnn a t  ’7.a. 111. 
of the same day and cmtinued until a few iiiiiiutos 
hrfore tlir beginning of the biilloon run. The sky wliic?li 
had been totnlly obscurcd during most of thc day with 
heavy nimbus md cuniulo-nimbus clouds began clearing 
ritpidly aboub 30 minutes before 3 p. ni. h i d  in a coni- 
partitively short tinie the lower clou+ had disappcnrecl 
mid L variety of upper cloud foiwiatiows had. appcnretl. 
The ap nrent counterclockwise whirling motion of the 

connection with the thunders toriii. 
The mind blew directly toward the thunderstorm until 

within nn hour of the beginning of the balloou run. 
Thc thunderstorin approached froni the south-southeast, 
and ~ L S  the esceeclingly large niass of cuniulo-nimbus 
cloucle passed off the wincl changed froni north-northwest, 
to northenst, east and, finally, when the cloud nims 
was away toward the northwest horizon i t  had shiftd 
to the southenst from which i t  hac1 changed during the 
first, signs of the storni. 

Consulting the weather ninp of 8 a. m. .June 30, 1919, 
it is easily seen by the indicated wind direction ctt the 
several stations surrounding Brokcn Arrow tmliata this 
station was near the center of a counterclockwise atmos- 
pheric circulation. Supposing that this whirl continued 

atniosp I: ere tends to make more pronounced tlie close 

with altitude, it  seems very probable that the whirls in 
the balloon’s path were also a part of this circulation of 
greater magnitude. 

The iiievitablc over-and under-running of these c.on- 
verging winds would undoubtedly account for many of 
the wind differences aloft., while tlie local thunderstorm 
winds such as outflow below and above and inflow at 
intermediate levels would add to the complesity. The 
counterclockwise direction of the balloon’s path being 
cyclonic also suggests rising air. 

Thus it seems that the balloon whirls, the thunder- 
storm, and the atmospheric circulation indicated on the 
welttlier iiinp were in all probability closely int,errelated. 

PRESSURE FLUCTL‘.4TIONS DURING A THUNDERSTORM. 

Father E. E”. Pi ot, S. J., of Riverview Colle e Obser- 

mitted to us the nccoriipsnying copy (fig. 1) of a record 
vntory, Sydney, R ew South Wales, has kind Ei y trans- 
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froni n Murdtly iiiicrobnronieter showing the 1ni:ge and 
rapid flur.tuations of atmospheric pressure rlurmg tllc 

assage of a heavy thunderstorin and squid at  Sydnr 7 

bew South Wales, on Sunday, January 19, 1919. Tdd 
record is in the forni of dots, mnde at intrrvals of onc 
niinu te.-ED. 
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